This paper investigates the relationships between export price and income elasticities, average unit values (AUVs) and market shares for the top world food exporters in the time period 1992-2011 using a panel data framework. Emerging countries and Spain show a high price elasticity unlike other advanced countries. Moreover, an inverse relationship between price elasticities and AUVs is found to exist. The overall analysis enables the conclusion that advanced countries can maintain a specialization in low-tech sectors only if high prices, as indicators of high quality, are accompanied by a rigid foreign demand and a satisfactory income elasticity of exports. JEL: F14, L66, Q17, C23
Introduction
Since the 1960s, a new wave of globalization has quickened the pace of world integration. International trade has played a key role in this process, as shown by an unprecedented increase in export growth rate, stimulated also by the liberalization process promoted by the WTO multilateral trade negotiations during the 1990s. Despite its nature of a necessary good, and the persistence of many protectionist policies, food is an important element of world merchandise trade with an incidence on total exports slightly below 10 per cent (see Table 1 ).
1 Although this percentage is declining, food continues to play a primary role in total exports of both advanced and emerging countries. Brazil, Canada, Indonesia, and Malaysia, the share of food on total exports has increased in the last twenty years. These figures show that a traditional low-tech sector like food can still represent an important growth-driver, supporting GDP, employment and the balance of payments. Furthermore, traditional low-tech industries can be key contributors in terms of a country's quality reputation and excellence, triggering positive externalities for the whole economy.
In identifying the factors determining export performance, the literature highlights foreign income as the most important variable for trade in general (KRUGMAN, 1989; IRWIN, 2002 and ESTEVADEORDAL ET AL., 2003) and for agricultural products in particular (see COYLE HAQ & MEILKE, 2009 and SERRANO & PINILLA, 2010) . Moreover, KRUGMAN (1989) observes that in the long-run Purchasing Power Parity (PPP) holds as a general tendency, so that different export growth rates across 3 countries are principally determined by non-price competitiveness, as empirically reflected in income elasticities (see also CAPORALE & CHIU, 1999) . However, it should be noticed that the PPP theory holds only for tradable goods at the aggregate level and in the very long-run, when real exchange rates show no substantial change and thus have no central role in export performance. In the short and medium-run, and even in time spans as long as a decade, evidence in favour of the validity of the PPP theory is not definite, so that countries may experience changes in their relative export prices which modify their competitiveness (GOLDBERG & KNETTER, 1997 and KRUGMAN, 1987) . Hence, especially at a disaggregated level, relative prices matter, and price elasticities are as important as income elasticities in export performance.
When price competiveness is considered, standard international trade theory underlines the advantage of having higher price elasticities, because of their favorable effects on export volumes and the balance of payments. 3 However, this orthodox argument holds only either for the whole economy or for undifferentiated products depending on price competition. Many studies, moreover, show that prices are indicators of quality (AIGINGER, 1997 and SCHOTT, 2004) , so that high relative prices, when they signal a high quality standard of goods, are not necessarily disadvantageous in trade competition. Product quality can actually be a discriminating factor for the success or decline of low-tech products and even advanced countries can successfully compete in traditional industries if they rely on high-quality rather than low-price exports. In particular, countries characterized by high prices and quality reputation are likely to exhibit a more rigid foreign demand for their products. However, as time goes by, demand can become more elastic if international markets recognize a decrease in product quality so that there will be a shift toward products from countries with the same quality but lower prices. On the contrary, despite higher prices, foreign demand can remain rigid if world consumers recognize the superiority of a country's products and are willing to pay more for high-quality goods. Ultimately, our working hypothesis is that advanced countries characterized by high relative prices and a rigid export demand can successfully compete in low-tech products on international markets. In this context, the food industry is an interesting case study since in several countries it is a 4 large traditional sector which provides a relevant contribution to employment and value added. It also generates positive economic and social externalities in terms of reputation, tourism attraction and environmental protection.
The empirical analysis developed in this paper is original for the following reasons. and EUROPEAN COMMISSION, 2010a) because of their higher productivity growth rates (LUCAS, 1988 , GROSSMAN & HELPMAN, 1991 and FAGERBERG, 2000 .
The rest of the paper proceeds as follows. Section 2 presents the data and the model specification. Section 3 outlines the testing framework which includes unit root tests, cointegration tests and panel Granger causality analysis. Section 4 reports the estimated long-run export price and income elasticities of the leading countries in international 5 food trade. Robustness checks on parameter stability are also performed. Section 5 concludes and hints at the main policy implications of our results.
Model Specification and Data
We start by selecting the top fifteen food exporters in the world, using as a ranking criterion their export performance in 2011, the last year for which complete data are (PESARAN, 2007) , which is appropriate even in the case of very small sample sizes (i.e., when N and T are equal to 10). The null hypothesis of these tests is that all series contain a unit root, with the exception of the Hadri test, whose null hypothesis is that all panels are stationary. As noted by CAMPELL & PERRON (1991) , the inclusion of many lags in the test equation may affect the power of unit root tests; for this reason, given that in our analysis the time period considered is twenty years (T=20), the maximum selected lag length lies between 2 and 3.
10 These three panel unit root tests are made in order to verify the order of integration between export volumes and relative prices (lnX it and lnRP it respectively), given that world GDP is a time series Table 4c confirm the non-stationarity of world GDP (lnGDPW t ). For these reasons, lnX it, , lnRP it and lnGDPW t should be properly considered as I(1).
Panel cointegration tests
Given the non-stationarity of the variables of interest, we proceed with the implementation of different panel cointegration tests to verify the existence of a longrun relationship between them. To this end, we perform the PEDRONI (1999, 2004) and KAO (1999) panel cointegration tests, which extend to panel data the ENGLE-GRANGER (1987) two-stage framework, developed to test cointegration in the case of time series.
The idea is to study the residuals of Equation (1), where all variables (lnX it, , lnRP it and lnGDPW t ) are I(1). If these variables are cointegrated, the residuals will be I(0), but if they are not cointegrated, then the residuals will be I(1 Since at least one test rejects the hypothesis of no cointegration for each country, we can conclude that a long-run relationship exists between the variables of our interest. This conclusion does not hold for China, where both the Pedroni and the Kao tests indicate no cointegration. For this reason, China is henceforth excluded from our analysis.
Panel Granger causality test
Given that our variables are non-stationary and cointegrated, we pass to determine the direction of causality between them by means of the two-step Engle-Granger causality procedure (ENGLE & GRANGER, 1987) . In particular, since the aim of the paper is to study price and income elasticities, we need to find the existence of a long-run causality going from prices and income, respectively, to export volumes. First, long-run equilibrium coefficients are estimated applying the panel Mean Group (MG) estimator proposed by PESARAN & SMITH (1995) 12 to the three following Equations:
The MG estimator is particularly appropriate in the case of non-stationary panels with "moderate-T, moderate-N" dimensions, 13 where moderate typically means about 15 time series and/or cross-section observations (in our case T=20 and N=33).
Next, we insert the lagged residuals from Equations (2a), (2b) and (2c) for all i, m and n. It is important to note that long-run and strong causality are more relevant in our analysis.
The "long-run Granger causality" is determined by the ECT coefficient, which indicates how fast deviations from long-run equilibrium are eliminated. In this case, the null hypothesis is 0 :
for all i. Finally, the "strong Granger causality" is 14 Diagnostic statistics of our estimates are available on request to the authors. In particular, following ROODMAN (2009a) , the explanatory variables are treated as endogenous and the selected valid instruments always satisfy the rule of thumb 'maximum number of instruments = N'. Furthermore, the Hansen J statistic exhibits a p-value greater than or at least equal to 0.25. For the sake of parsimony, instruments are also collapsed (see ROODMAN, 2009b) . Finally, to control for cross-sectional dependence, time dummies are included in Equations (3a), (3b) and (3c). More homogeneous results are found in the case of long-run and strong causality. In fact, in the long-run, all countries exhibit a bidirectional causality between relative prices and export volumes, with the exception of Canada and Italy, which show a unidirectional causality from relative prices to export volumes. Finally, strong causality is again found for all countries with regard to both relative prices and world GDP.
Canada and Italy are again the exceptions, but only with reference to Equation (3b).
Given that lnRP it and lnGDP t Granger-cause export volumes (lnX it ) in the long-run, which is the time horizon of interest, we can proceed to compare the long-run price and income elasticities of the thirteen countries, using Equation (2a) as outlined at the beginning of this subsection. Relative prices (lnRP it ) exhibit the expected negative sign, and are statistically significant for all countries, with Canada and the USA as the only exceptions. For these two countries, the estimated coefficients are not statistically different from zero, thus implying that they have the most rigid food export demands in our sample. 16 In general, price elasticities are lower than 1 in all countries. This result is in line with previous findings concerning commodity trade in general. As KRUGMAN (1989) The size of the circles in the graph reflects the average market share (in volumes) for each country in the same period (see Table 3 ). The dotted circles indicate the price elasticity estimates which are not statistically different from zero, i.e. those for Canada and the USA. The graph is divided into four quadrants, where the partition lines are the 16 In confirmation of this, zero is contained in the 95 per cent confidence interval. 17 A simple OLS regression between AUVs and the absolute values of price elasticities confirms this conclusion. In fact, the estimated coefficient is negative and highly statistically significant. Regarding our findings on export income elasticity, it is worth recalling at the outset that in the empirical international trade literature, its estimated value in the aggregate export function generally exhibits a level higher than two (see, among others, ARIZE, 2001) . This is compatible with the evidence that exports show an average annual growth rate greater than GDP. In the food industry, because of the features of agricultural products previously noted, the export income elasticity is obviously smaller, and typically around one (SERRANO & PINILLA, 2010) . 18 Our analysis confirms that this is on average true, even though there is a remarkable heterogeneity across countries. To conclude, as a robustness check of the results shown in Table 7 , we test whether the relationship between exports, relative prices and world GDP is stable over time. To this purpose, we perform a recursive estimation of Equation (2a). In particular, 10 sets of regressions are run, by defining an initial window of 10 years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) and then re-estimating the basic equation adding a successive terminal year each time. These estimates confirm the robustness of our previous results on both price and income elasticities, as reported in Table 7 . First of all, a preliminary analysis of causality is conducted in order to assess the possible presence of unit roots and cointegration between export volumes, relative prices and world income. These variables are found to follow an I(1) process and a long-run relationship between them is established. Next, a panel causality test is performed, showing that in the long-run relative prices and world GDP Granger-cause food exports. Long-run estimates are thus analyzed together with AUVs and market shares. In general, estimated price elasticities are lower than 1, reflecting the fact that food products are necessary goods and imperfect substitutes on international markets.
Long-run price and income elasticities
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However, some differences emerge in a cross-country comparison of our results: the USA, Canada, Italy, Germany, the Netherlands and France exhibit the most rigid foreign demands, while Spain and Thailand record the highest price elasticities in our sample. Recursive regressions confirm the robustness of our results.
In a quite peculiar way, we also find the existence of an inverse relationship between AUVs and export price elasticities, indicating that countries with higher AUVs generally show more rigid export demands and vice versa. This outcome has important policy implications. In fact, the emerging countries in the sample (Argentina, Brazil, Indonesia, Malaysia and Thailand), together with Spain, base their export performance on price competitiveness, as demonstrated by their high price elasticities. Advanced economies (France, Germany, Italy, the Netherlands and the USA) rely on the other hand on quality competition, as shown by their low price elasticities associated with high AUVs. However, it is worth noting that, among advanced countries, Germany, Italy, Canada and the USA are characterized by an income elasticity higher than one, while in France and the Netherlands the same parameter is strictly lower than one, thus indicating poor growth prospects. This overall evidence suggests an empirical criterion for assessing the sustainability of a trade specialization model based on low-tech traditional goods. High-price high-quality goods, in fact, if accompanied by a rigid foreign demand and a satisfactory income elasticity, can guarantee long-lasting structural competitiveness for low-tech sectors even in advanced countries, where investment should be mainly addressed at promoting quality enhancement. 20 Finally, our analysis also highlights that AUVs can be considered as proxy for quality only when they are examined together with price, income elasticities and market shares. In particular, this claim is true only when high AUVs go along with a rigid foreign demand and a satisfactory income elasticity of exports.
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